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Characterization of a Stinging Nettle Composite as a Potential Battery Component
Sarah Johnson & Jeanne Franz
Department of Chemistry, Winona State University

Introduction
• There is great demand for light weight, sustainable, and high
performing batteries.
• Porous membrane (red) divides
the two half reactions in the cell
and facilitates the movement of
electrons from the anode to the
cathode.
• Current researchers have looked at
using wood or algae paired with a
conductive polymer, polypyrole, as
the membrane.
Figure 1: Galvanic Cell
• Polypyrole needs an additional
high surface area structure in order to withstand the large current
that is applied.
• Stinging nettle is a common Minnesota weed with a high surface
area and fiber content, which could make a promising backbone
structure for polypyrole.

Results & Discussion

Results & Discussion
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Figure 2: TGA of Sample

Shows that the composite was made from polypyrole and fiber

Figure 7: CV of Two Trials of Sample

• Shows that there is resistance (slope) and that there was a large
amount of current flow (large range on y-axis)
• Sharp peaks of oxidation and reduction are not seen, so the presence
of Faradaic current cannot be verified

Experimental

Conclusion

• Retting
• Bundles of plant were soaked in 0.05 M EDTA and 1 M NaOH
for two weeks.
• Preparation of composite
• Sample of fiber was soaked in pyrole and Tween-80
• Polymerization was induced by FeCl3
• Characterization
• Scanning Electron Microscopy (SEM)
• Bench top model M-RS “Mini- Rapid Scan”
• Used to see the surface of the composite
• Estimate coverage of polypyrole
• Thermo-Gravimetric Analysis (TGA)
• Model TA Instruments 2050 TGA
• Burned sample to find composition of composite
• Cyclic Voltammetry (CV)
• Standard three electrode cell in a 2.0M NaCl solution.
• Working electrode was the sample attached to a Cu wire
with Ag paint and insulated with nail polish
• Reference electrode was a silver wire soaked in 1.0M KCl
• Counter electrode was a platinum wire
• Potential interval -0.9 and +0.9V and a scan rate of 10mV/s

• Composite was made with a smooth surface
• Made working electrodes
• Showed that there are some electrochemical properties due to the
large current and resistance
• Faradaic Current is overshadowed
• This type of current is what is needed for a battery
• Only the charging current can be observed

Figures 3 & 4: SEM of Two Trials of Sample

Shows that the polypyrole evenly covered the surface of the fiber
Faradaic Current

Future Work
• Use a less active solution to limit the interface activity
• Use a smaller working electrode to lower the current range
• Work under argon gas to eliminate the influence of oxygen
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Abstract

The membrane in a galvanic cell was created with a composite made out of stinging nettle fibers and
polypyrole. It was characterized with Thermo-gravimetric analysis (TGA), scanning electron microscopy
(SEM), and a Potentiostat (CV). The TGA data showed that the composite was effectively created, the SEM
data showed that the polypyrole did evenly coat the fiber after a change in procedure, and the CV data showed
that the composite could potentially allow the flow of electrons. These facts all together show that the
composite has the physical characteristics that were wanted and that the electrochemical characteristics need to
be looked in to more.

Introduction

Batteries are a valuable tool that helps society in many ways, from something as small as a pacemaker to
large machines such as airplanes. Batteries applications can be split into two main categories, stationary and
mobile. In terms of stationary batteries an example would be in wind turbines, which store excess power
generated during windy periods for distribution during non- windy periods. A mobile battery application would
be a cell phone. Here, a lighter and smaller battery would be better. Upon analyzing batteries and their
composition there are some negative side effects of current batteries that should be looked at in order to make
them more efficient. Also, most batteries are made with heavy metals. This adds a significant amount of
weight to the battery which creates an inconvenience in mobile batteries.
Extensive research has been done in order to decrease these negative effects.1, 2, 3 Some of the research
focused on improving the already existing battery, whereas others have focused on starting with a completely
fresh idea.1, 3 Choosing a biodegradable material with a renewable source could reduce the thirty million tons of
waste that are produced each year by the existing batteries.3 Some of the ideas that have come about are the use
of wood or cellulose instead of metal that would contain the electrodes. This change could potentially increase
the power and capacity of the battery as well as being lighter in weight.3
However, there is one avenue that has not been looked at that could dramatically change the use of
batteries. Stinging nettle has been used for decades in textiles because of its high fiber content. The nettle

could also be used for other industries because of its’ high fiber content and surface area. Stinging nettle could
be a fantastic biomaterial to use in a battery, because it is renewable in Minnesota, and could potentially be
biodegradable. It is also lighter in weight than the heavy metals that are currently being used. Several
researchers have previously worked with cellulose and synthetic biodegradable plastics.2, 3 This was done by
trying to adjust the properties of the biomaterial in order to create a more conductive surface. Other researchers
have attempted to create the same successful effects as the current batteries, with a natural and renewable
source.1 This would eliminate one of the negative effects of the current system, which is recreating the source
materials each time a new battery needs to be made.
The natural route of using cellulose or wood as the biomaterial has been somewhat successful in creating
a lighter weight and biodegradeable battery. One major issue that came about in the literature was thick layers
of a conductive polymer, such as polypyrole, on the surface of the organic base. The researchers tried solving
this issue with using a high surface area organic base in order to allow the polypyrole to fill in the porous holes
and leave a thin layer on the outside. Stinging nettle has that high surface area structure which is the main
reason for its use in this research.
The battery component that was created is best pictured in a galvanic cell. The cell contains two half
reactions that are separated by a porous membrane that facilitates the flow of electrons. The membrane is the
battery component in this research.

Figure 1: Galvanic Cell

Experimental Procedure

First the plant was obtained from a farm in Winona. Next the retting process was used to extract the
fibers from the nettle from the mature plant. Bundles of the plant were submerged in a mixture of 0.05 M EDTA
and 1 M NaOH. After three weeks the fibers were removed from solution, washed in DI water, soaked in a 5%
acetic acid solution, and then washed in DI water. Then the stalks were cut open, the cellulose was removed,
the fibers were pulled apart and allowed to dry.6
Preparation of composite: Three ml of pyrole and one drop of Tween-80 were put in a volumetric ﬂask
and the total volume was brought to 100 ml. That mixture was then mixed with the large pieces of stinging
nettle fiber. The mixture was allowed to stand for one hour and then the solid was collected on ﬁlter paper.
Then 8.0 g of FeCl3 was dissolved in 100 mL of DI and added to the pyrole and fiber mixture, to induce the
polymerization. The mixture turned from a bright orange color to a very dark green; after the color change it
was allowed to sit for fifteen minutes. Then, 100 mL of 0.1 M HCl was added, and the whole mixture was
filtered. A black solid was formed on the filter paper and all around the fibers. The black solid and fibers were
washed with 100 mL of DI water, and allowed to air dry for two weeks. All of the steps above were performed
at room temperature.3 This procedure was the second type, which was introduced after the first round of SEM
images. The first procedure was very similar with one change; the fiber was chopped up into tiny pieces instead
of the large pieces.
Once the composite was created, characterization could begin. Two tests were used for physical
characterization. Scanning electron microscopy is a technique that is used to obtain information about the
physical nature of the surface of the nettle fiber.4 The samples were mounted on aluminum stubs using doublesided carbon adhesive tape. Thermo-gravimetric analysis (TGA) will then be used to see how much polypyrole
is in the sample by performing compositional analysis and decomposition profiles of the multicomponent
system of the nettle.4 A small amount of sample was placed on the micro-scale and the furnace was moved to
surround it. Three standard curves were created with pyrole, polypyrole, and fiber. Then the composite was
analyzed. Once the physical characterization has been completed with the composite, it was turned into an
electrode in order to determine the conductive properties. The electrochemical characterization used a

Potentiostat in the cyclic voltammetry application. This test obtained information about the electrochemical
properties of the composite, including if it could allow the flow of electrons in a galvanic cell.
Results
Figure 2: TGA of Pyrole

Figure 3: TGA of Polypyrole

Figure 4: TGA of Stinging Nettle Fiber

Figure 5: TGA of Composite

*Composite made from Polypyrole and Stinging Nettle Fibers
*The solvents are a combination of the HCl and FeCl3 that was used in the preparation of the composite.

Figure 6 & 7

*Two trials of the composite, left figure at end of composite with 140um, and right figure in the middle of composite
with 100um.
Figure 8 & 9

*Figure 8 is the standard three electrode cell required for a CV
*Figure 9 is the working electrode

Figure 10: CV of two trials

Figure 11: Different Current Activities

Discussion

The TGA results can show that the composite was made out of polypyrole, Stinging Nettle fiber, and a
small amount of solvents. This was concluded by the comparison of the standard curves to the composites
curve. It can be seen that pyrole has a melting point of 85oC, polypyrole has a melting point of 424oC, and
Stinging Nettle fiber has a melting point of 327oC. The composite curve shows distinct melting points for
polypyrole (543oC) and Stinging Nettle fiber (340oC) and a melting point for the combination of the solvents
used in the polymerization (130oC). Notice that there is not a melting point in the pyrole (85oC); this shows
that the polymerization was very effective. The polypyrole melting point is higher in the composite than in the
standard curve, because the polypyrole was imbedded in the fibers in the composite.
The SEM images show that the polypyrole evenly coated the surface of the stinging nettle fiber with a
slight percentage of uncoated area. This was a significant improvement from the first round of images where
there were thick layers in a checker board fashion, which was what the literature was attempting to avoid as
well.
Some of the parameters on the CV test were use of a standard three electrode cell, which included a
working, reference, and counter electrode in a 2.0 M NaCl solution. The working electrode was the composite
attached to copper wire with silver paint and insulated with clear nail polish. The reference electrode was an
Ag/Cl electrode soaked in 1.0 M KCl, and the counter electrode was a platinum wire. The voltage range was 0.9 to 0.9 volts with a scan rate of 3mV/s.
The CV graph shows that the composite had some resistance based on the slope and a large current
range on the y- axis. The most important data that was taken from this graph is what is not seen. Oxidation
and reduction are not seen on the graph, if they were there a sharp peak to the top and bottom of the graph
would be seen. Since it is not there Faradaic current also known as electron transfer cannot be verified. In
order to explain this concept more figure 11 shows the working electrode in solution zoomed in to the
interface. The top mechanism is electron transfer which is needed for the porous membrane in a galvanic cell.
The bottom mechanism is charging at the interface, which is happening with the composite. There are two

different cases for what could be happening with the composite. Either the large current range is
overshadowing the electron transfer, or it’s not there at all. More work needs to be done in order to produce
a cleaner CV graph, that could potentially show electron transfer. Some suggestions that could happen would
be to use a less active solution other than NaCl, this could lower the large current range. Make a smaller
working electrode, which would decrease the surface area of the composite in the solution, this could also
lower the large current range. Lastly, the CV experiment could be performed under argon gas in order to
eliminate the presence of oxygen.
Conclusion

The composite that was created did have a smooth surface and show some electrochemical properties
that are wanted for the porous membrane of a galvanic cell. However, the CV graph did not show electron
transfer; it was either overshadowed or not there at all. More research needs to be completed to fully
understand the properties and industrial uses of this composite.
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